Abstract. The Angular Momentum Projected Generator Coordinate Method, with the quadrupole moment as collective coordinate and the Gogny force (D1S) as the effective interaction, is used to describe the properties of the ground state and low-lying excited states of the even-even neon isotopes [20][21][22][23][24][25][26][27][28][29][30][31][32][33][34] Ne, that is, from the stability valley up to the drip line. It is found that the ground state of the N = 20 nucleus 30 Ne is deformed but to a lesser extent than the N = 20 isotope of the magnesium. In the calculations, the isotope 32 Ne is at the drip line in good agreement with other theoretical predictions. On the other hand, rather good agreement with experimental data for many observables is obtained.
Introduction
The properties of the ground and lowest-lying excited states of nuclei close to the stability valley are determined to a great extent by the underlying mean field in which all the nucleons move. The nuclear mean field, obtained through the mean-field approximation to the nuclear many-body problem, provides the important concepts of magic numbers (or shell closures) and that of spontaneous symmetry breaking. For nuclei with proton and/or neutron numbers close to the magic ones symmetry-conserving (i.e. non-superconducting and spherical) ground states are expected. On the other hand, nuclei away from the magic configurations are expected to show strong symmetry breaking at the mean-field level leading to deformed (and superconducting) ground states which are the heads of bands generated kinematically by restoring the broken symmetries -like the well-known example of the rotational bands.
Almost thirty years ago, experimental evidences were found in the neutron-rich light nuclei around 31 Na [1,2] pointing to the breaking of the N = 20 magic number. The first attempt to understand the phenomenon from a theoretical point of view [3] suggested that correlations beyond the mean field coming from the restoration of the rotational symmetry could be strong enough as to overcome the mean-field shell effects and lead to deformed ground states for closed-shell nuclei like 31 Na and 32 Mg. Further theoretical studies using the Shell Model (SM) a e-mail: Luis.Robledo@uam.es approach were carried out [4, 5] and it was suggested that an intruder configuration consisting of a two-particle two-hole neutron excitation from the sd shell into the f 7/2 one was the responsible for the deformation in the ground state of 32 Mg.
The recent availability of Radioactive Ion Beam facilities in several laboratories like Ganil, GSI, MSU and Riken to cite a few and the development of very efficient mass separators and solid-state detectors has made possible to measure up many properties concerning the ground state and the lowest-lying excited states of many exotic, neutron-rich light nuclei. In particular, the exploration of both the N = 20 and N = 28 shell closures far from stability has proven to be a rich source of new phenomena. Among the variety of available experimental data, the most convincing evidence for a deformed ground state in the region around N = 20 is found in the 32 Mg nucleus, where both the excitation energies of the lowest-lying 2 The purpose of this paper is to extend the AMP-GCM calculations to the study of the neon (two protons less than magnesium) isotopes from A = 20 up to A = 34. Contrary to the magnesium isotopic chain, the neon neutron drip line (N = 22) is very close to the neutron magic number N = 20 and therefore the study of the neon isotopes is a good testing ground to examine both the systematic of deformation and the possible erosion of the N = 20 spherical shell closure very close to the neutron drip line. Another interesting point is the study of the possible magicity of N = 16 suggested in recent analyses [19] .
The paper is organized as follows: In sect. 2 a brief overview of the theoretical framework is presented. In sect. 3.1 the mean-field results are discussed. In the next section the effect of angular momentum projection on the mean-field observables is described. Finally, in sect. 3.3 the results of the configuration mixing calculations are presented and compared to the experimental data and other theoretical approaches. We end up with the conclusions in sect. 4.
Theoretical framework
As mentioned in the introduction ours is a mean-fieldbased procedure where the underlying mean field is determined first and then additional correlations beyond the mean field are included. Those additional correlations are handled in the framework of the Angular Momentum Projected Generator Coordinate Method (AMP-GCM) with the mass quadrupole moment as generating coordinate. As we restrict ourselves to axially symmetric configurations, we use the following ansatz for the K = 0 AMP-GCM ). As we are dealing with quite light systems we have to consider the center-of-mass problem. This is handled by subtracting the center-of-mass kinetic energy both in the calculation of the energy and in the HFB variational procedure. Finally, concerning the Coulomb interaction, we have only taken into account its contribution to the direct field in the variational procedure. The exchange Coulomb energy (computed in the Slater approximation) is added, in a perturbative fashion, at the end of the calculation and the contribution of the Coulomb interaction to the pairing energy is completely disregarded.
In order to obtain the angular momentum projected wave functions we use the standard angular momentum projector operator restricted to K = 0 states [23],
